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1
ELECTRIC POWER TOOL

TECHNICAL FIELD

The present invention relates to an electric power tool 2
such as a circular saw.

BACKGROUND ART

In a circular saw, for example, 1n order to increase cutting 10
elliciency, 1t 1s necessary to increase the rotation speed of a
saw blade during cutting. To this end, 1t 1s necessary to
increase the rotation speed during no-load. Even at the
markets, in order to emphasize a smooth cutting perfor-
mance, the manufactures tend to appeal the high-speed 15
rotation during no-load.

If the rotation speed during no-load increases, there are
problems that vibration and noise increase and power con-
sumption unnecessarily increases. These problems are not
limited to a circular saw, but are common to other electric 20
power tools such as a grinder.

SUMMARY OF INVENTION

Technical Problem 25

The present invention has been made in view of the
above-described circumstances, and an aspect of the present
invention provides an electric power tool which can control
a brushless motor at multiple rotation speeds and 1s excellent 30
in work efliciency.

According to an illustrative embodiment of the present
invention, there 1s provided an electric power tool compris-
ing: a brushless motor; a control unit configured to control
power supply to the brushless motor; a rotary tool config- 35
ured to be rotated by the brushless motor; a rotation speed
detecting unit configured to detect a rotation speed of the
brushless motor; a main switch configured to transmiut, to the
control unit, an ON/OFF signal for switching between
driving and stopping of the brushless motor; and a mode 40
switching unit configured to transmit, to the control unit, a
mode switching signal for switching between multiple
modes of rotation control of the brushless motor, wherein the
control unit 1s configured to perform the rotation control of
the brushless motor 1n any one of the multiple modes 45
including at least a high-speed mode and a low-speed mode.

In the above electric power tool, 1n the low-speed mode,
the control unit may be configured to control the brushless
motor to rotate at a predetermined first rotation speed 1n a
predetermined load range, by duty ratio control. 50

In the above electric power tool, in the high-speed mode,
the control unit may be configured to control the brushless
motor to rotate at a predetermined second rotation speed
higher than the predetermined first rotation speed in a
predetermined load range, by duty ratio control. 55

The above electric power tool may further comprise a
battery pack which 1s removably attached and 1s configured
to supply electric power to the brushless motor and the
control unait.

In the above electric power tool, 1n the low-speed mode, 60
when a load equal to or larger than a first predetermined
value 1s detected, the control unit may be configured to
perform switching to predetermined duty ratio control which
1s 1ndependent from the rotation speed of the brushless
motor. 65

In the above electric power tool, detection of the load
equal to or larger than the first predetermined value may be

2

performed based on predetermined one or combination of a
current, a voltage, and a duty ratio.

In the above electric power tool, the predetermined duty
ratio control may include control for gradually increasing a
duty ratio to a predetermined duty ratio and then driving the
brushless motor with the predetermined duty ratio.

In the above electric power tool, when a load equal to or
smaller than a second predetermined value which 1s smaller
than the first predetermined value for switching to the
predetermined duty ratio control 1s detected 1n a state where
the predetermined duty ratio control 1s performed, the con-
trol unit may be configured to gradually decrease the duty
ratio and then control the brushless motor to rotate at a
predetermined first rotation speed.

In the above electric power tool, the rotary tool may be a
saw blade connected to an output shaft of the brushless
motor through a deceleration mechamsm, and 1 a prede-
termined load range, the control unit may be configured to
control the brushless motor 1n the low-speed mode such that
a rotation speed of the saw blade becomes constant 1n a
range from 2,500 rpm to 3,500 rpm, and 1s configured to
control the brushless motor 1n the high-speed mode such that
the rotation speed of the saw blade becomes constant 1n a
range from 4,500 rpm to 5,500 rpm.

In the above electric power tool, the control unit may be
configured to perform soit start control for gradually sup-
plying a current at starting of the brushless motor.

According to another illustrative embodiment of the pres-
ent 1nvention, there 1s provided an electric power tool
comprising: a brushless motor; a control unit configured to
control power supply to the brushless motor; a rotary tool
configured to be rotated by the brushless motor; a rotation
speed detecting unit configured to detect a rotation speed of
the brushless motor; and a main switch configured to trans-
mit, to the control unit, an ON/OFF signal for switching
between driving and stopping of the brushless motor,
wherein 1n a state where constant-speed control 1s performed
on the brushless motor with a duty ratio smaller than 100%,
when a load equal to or larger than a first predetermined
value 1s detected, the control unit 1s configured to perform
switching from the constant-speed control to predetermined
duty ratio control which 1s dependent from the rotation
speed of the brushless motor, and wherein the predetermined
duty ratio control 1s control for gradually increasing the duty
ratio to a predetermined duty ratio and then driving the
brushless motor with the predetermined duty ratio.

In the above electric power tool, the load at which the
constant-speed control 1s switched to the predetermined duty
ratio control may be set to such a threshold value that 11 the
load exceeds the threshold value, an efliciency of the pre-
determined duty ratio control becomes higher than an efhi-
ciency of the constant-speed control, or may be set to a value
in the vicinity of the threshold value.

In the above electric power tool, when a load equal to or
smaller than a second predetermined value 1s detected 1n a
state where the predetermined duty ratio control 1s per-
formed, the control unit may be configured to gradually
decrease the duty ratio such that the rotation speed of the
brushless motor becomes a predetermined rotation speed,
and then perform the constant-speed control on the brushless
motor at the predetermined rotation speed.

In the above electric power tool, the second predeter-
mined value at which the duty ratio may be decreased from
the predetermined duty ratio control to the constant-speed
control 1s smaller than the first predetermined value at which
the constant-speed control 1s changed to the predetermined
duty ratio control.
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3

Also, arbitrary combinations of the above described com-
ponents, and modifications obtained by conversion of the
embodiments of the present invention between methods and
systems are valid as embodiments of the present invention.

According to the above configuration, it 1s possible to
provide an electric power tool capable of controlling a
brushless motor at multiple rotation speeds and excellent in
work efliciency.

BRIEF DESCRIPTION OF DRAWINGS

In the accompanying drawings:

FIG. 1 1s a plan view showing a cordless circular saw
according to an embodiment of the present invention;

FIG. 2 1s a side view of the cordless circular saw;

FIG. 3 1s a rear view of the cordless circular saw:

FIG. 4 1s a front view of the cordless circular saw;

FIG. 5 1s a first plan view of the cordless circular saw
where a portion thereof 1s shown as a cross-section;

FIG. 6 1s a second plan view of the cordless circular saw
where another portion 1s shown as a cross-section;

FI1G. 7 1s a cross-sectional view taken along a line A-A of

FIG. 1;

FIG. 8 1s a view showing the functional blocks of the
cordless circular saw shown 1n FIG. 1;

FIG. 9 1s a characteristic diagram showing the rotating
speed and efliciency of a circular saw blade 8 with respect
to load current when the cordless circular saw of the
embodiment 1s 1n a normal mode and 1n a {first economy
mode;

FIG. 10 1s a characteristic diagram showing the rotating
speed and efliciency of the circular saw blade 8 with respect
to load current when the cordless circular saw of the
embodiment 1s 1n a second economy mode;

FIG. 11 1s an explanatory view showing duty ratio control
according to vanation in load current when the cordless
circular saw of the embodiment 1s 1n the second economy
mode;

FIG. 12 1s a flow chart showing a control flow when the
cordless circular saw of the embodiment 1s in the second
economy mode;

FIG. 13 1s an explanatory view showing time change in
the rotation speed of the circular saw blade 8 and time
change 1n supply current for a brushless motor 9 during soft
start of the brushless motor 9 of the embodiment;

FIG. 14 1s a characteristic diagram showing the relation
between rotation speed and load current 1n each mode 1n an
embodiment in which not only duty ratio control but also
advance-angle control are performed;

FIG. 15 15 a side view showing a cordless circular saw
according to another embodiment of the present invention,
wherein a mode change switch 16 1s provided in the vicinity
of a main trigger switch 18 of a handle portion 4;

FIG. 16 1s a perspective view showing a grinder according
to another embodiment of the present invention; and

FIG. 17 1s a perspective view showing an electric planer
according to another embodiment of the present invention.

DESCRIPTION OF EMBODIMENT

Hereinafter, embodiments of the present invention will be
described with reference to the accompanying drawings.
Components, members, and the like shown 1n the drawings
and 1dentical or equivalent to each other are denoted by the
same reference symbol and may not be repeatedly described.
The embodiments do not limit the mvention and are 1llus-
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trative, and all features to be described 1n the embodiments,
and combinations thereol may not be the essential features
of the invention.

FIGS. 1 to 4 are a plan view, a side view, a rear view, and
a front view showing a cordless circular saw according to an
embodiment of the present invention, respectively. FIG. 5 1s
a first plan view of the cordless circular saw where a portion
thereol 1s shown as a cross-section. FIG. 6 1s a second plan
view ol the cordless circular saw where another portion
thereol 1s shown as a cross-section. FIG. 7 1s a cross-
sectional view taken along a line A-A of FIG. 1.

The cordless circular saw of the present embodiment
includes a base 1 and a main body 2. The base 1 i1s a plate
material made of a metal such as aluminum substantially in
a rectangular shape. The longitudinal direction of the base 1
comncides with a cutting direction. The bottom of the base
member 101 1s a surface to slide on a workpiece. The main
body 2 i1s jommed with the base 1 at two positions 1 a
front-rear direction such that the main body can rotate and
tilt leftward or rightward with respect to the base 1. The
main body 2 includes a motor housing 3, a handle portion 4,
a gear cover 5, a saw cover 6, a protective cover 7, and a
circular saw blade 8 (a rotary tool). The motor housing 3 1s
made of, for example, a resin, and accommodates a brush-
less motor 9 (FIGS. 5 and 6). The brushless motor 9 rotates
the circular saw blade 8. The handle portion 4 1s made of the
same material as that of the motor housing 3, and extends 1n
the front-rear direction on the motor housing 3. The handle
portion 4 includes a main trigger switch 18 (a main switch)
as an operation unit for allowing a user to perform switching
between driving and stopping of the brushless motor 9. As
shown 1 FIGS. 3 and 4, the handle portion 4 1s configured
by a left component provided integrally with the motor
housing 3, and a right component interposed between the
motor housing 3 and the gear cover 5, and the left compo-
nent and the right component are combined to configure a
battery pack attaching portion 4a (to be described below),
and a control circuit board accommodating portion 45 (to be
described below) 1s provided at the right component of the
handle portion 4 positioned on a side of the circular saw
blade 8. The boundary between the left component and the
right component of the handle portion 4 1s a line shown at
the center of the handle portion 4 1n FIG. 1, FIG. 3, FIG. 4,
and so on.

At the lower portion of the rear end of the handle portion
4, the battery pack attaching portion 4a (a battery attaching
portion) and the control circuit board accommodating por-
tion 4b are integrally provided. A battery pack 20 (a
rechargeable battery) 1s slid into the battery pack attaching,
portion 4a from the rear side, thereby being removably
attached. On the upper surface of the battery pack attaching
portion 4a on the lower side of the handle portion 4, a mode
change switch 16 (for example, a tact switch) and an LED
29 to serve as a display unit for displaying a mode are
provided. The user can select, for example, any one of a
normal mode and an economy mode by the mode change
switch 16. The mode change switch 16 and the LED 29 are
provided on the same board, and when the economy mode
1s set by operating the mode change switch 16, the LED 29
1s turned on. Since the mode change switch 16 1s provided
on the lower side of the handle portion 4, mode switching 1s
prevented from being unexpectedly performed due to a
cause such as a collision of the mode change switch 16 with
something. The battery pack 20 supplies driving power to
the brushless motor 9. As shown 1n FIG. 1, the left surface
of the battery pack 20 attached to the battery pack attaching
portion 4a, and the left surface of the motor housing 3 exist
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substantially on the same plane. That 1s, the distance of the
left surtace of the motor housing 3 from the circular saw
blade 8, and the distance of the left surface of the battery
pack 20 from the circular saw blade 8 are substantially the
same. Therefore, 1t 1s possible to place the cordless circular
saw with the left surface of the battery pack 20 and the left
surface of the motor housing 3 downward, and to easily
perform work for exchanging the circular saw blade 8. The
control circuit board accommodating portion 45 1s provided
on the right side of the battery pack 20. In the control circuit
board accommodating portion 4b, a control circuit board 21
1s stored and held. The control circuit board 21 has a control
unit (a controller) mounted thereon for controlling the
operation of the brushless motor 9. The control circuit board
21 1s substantially perpendicular to the rotation axis of the
brushless motor 9 (the rotation axis of the circular saw blade
8). The control circuit board 21, more specifically, the left
side of the control circuit board 21 1s partitioned off from the
battery pack 20 by a controller cover 22 made of, for
example, a resin.

The gear cover 35 1s provided on the right side of the
handle portion 4. The gear cover 5 1s made of, for example,
a metal, and accommodates a mechanism for transmitting
rotation between the brushless motor 9 and the circular saw
blade 8. The rotation transmitting mechanism 1s configured
by a known deceleration mechanism. The saw cover 6 1s
attached to the gear cover 5, and covers the upper half of the
circular saw blade 8 1n conjunction with the gear cover 5.
The saw cover 6 may be formed of the same material as that
of the gear cover 5, integrally with the gear cover 5. The
front end portions of the gear cover 5 and the saw cover 6
are rotatably joined by a rotation supporting unit 14. The
protective cover 7 1s made of, for example, a resin, and 1s
rotatably provided along the outer edges of the gear cover 5
and the saw cover 6 on the rear side of the gear cover 5.
Between the gear cover 5 and the protective cover 7, a spring
(not shown) 1s mterposed. This spring biases the protective
cover 7 against the gear cover 5, 1 a direction (a counter-
clockwise direction 1 FIG. 2) for covering the lower half of
the circular saw blade 8 1n the circumierential direction of
the gear cover S and the saw cover 6. Therefore, 1n a state
where cutting work 1s not being performed, the protective
cover 7 covers the lower half of the circular saw blade 8 (a
portion protruding from the bottom of the base 1), except for
a portion of the front side.

On the front side of the base 1, a bevel plate 12 1s provided
to stand. The bevel plate 12 stands 1n a short-length direction
substantially perpendicular to a cutting direction. The bevel
plate 12 has a long hole 13. The long hole 13 has an arc
shape having a first tilt shaft portion 15a extending in the
cutting direction, as the center, and perpendicular to the first
t1lt shaft portion 15a. The rotation supporting unit 14 1s
supported to be able to t1lt on the first t1lt shaft portion 15qa
to left or right with respect to the base 1. The tilt position of
the rotation supporting unit 14 1s adjusted 1n a state where a
tilt-angle adjusting lever 11 1s loose, and 1s fixed by fasten-
ing the tilt-angle adjusting lever 11. The rotation supporting
unit 14 rotatably supports the front end portion of the saw
cover 6 on an axis parallel to the rotation axis of the
brushless motor 9 (the rotation axis of the circular saw blade
8). Adjusting and fixing of the rotational position of the saw
cover 6 will be described below.

On the rear side of the base 1, a link 10 1s provided along
the left surface of the gear cover 5 so as to be rotatable
around a tilt shait portion 1556 concentric with the first tilt
shaft portion 15a. The link 10 1s made of a metal such as
aluminum. In a state where a cutting-depth adjusting lever
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19 is loose, the link 10 and the gear cover S are slidable with
respect to each other, and thus 1t 1s possible to adjust the
rotational position of the saw cover 6 with respect to the base
1, that 1s, the cutting depth. Further, it 1s possible to fix the
rotational position of the gear cover 5 by fastening the
cutting-depth adjusting lever 19.

As shown 1n FIG. 6, the brushless motor 9 has a rotor core
96 around an output shaft 9a. The output shatt 9a 1s parallel
to the rotation axis of the circular saw blade 8. The rotor core
95 rotates integrally with the output shaft 9a. A rotor magnet
9c¢ 15 mserted 1nto and supported 1n the rotor core 95. A stator
core 9d 1s provided to surround the outer circumierential
surface of the rotor core 956. On the stator core 9d, a stator
coil 9f/1s provided with an insulator 9¢ interposed therebe-
tween. On the left end side of the stator core 94, a switching
board 23 i1s fixed. The switching board 23 1s substantially
perpendicular to the output shait 9a. As shown 1n FIG. 7, on
the switching board 23, six switching devices 23a (such as
FETs) are mounted such that their main body portions are
laid down. The switching devices 23a switch a supply
voltage from the battery pack 20. As shown 1n FIG. 5, a
terminal portion 20a of the battery pack 20, and the switch-
ing board 23 are electrically connected to each other by a
wiring line 24. A wiring line 25 electrically connects the
terminal portion 20a of the battery pack 20 and the control
circuit board 21 to each other. A wiring line 26 electrically
connects the control circuit board 21 and the switching
board 23 to each other. A control signal from the controller
of the control circuit board 21 1s applied to control terminals
(gates) of the switching devices 23a mounted on the switch-
ing board 23, by the wiring line 26, whereby ON/OFF of the
switching devices 23a 1s controlled. A cooling fan 33 1s
attached to the output shait 9a of the brushless motor 9, and
rotates with the output shaft 9a. The cooling fan 33 generates
an air flow which cools the brushless motor 9 and the
switching devices 23a.

FIG. 8 1s a view showing the functional blocks of the
cordless circular saw according to the embodiment of the
present invention. A control unit 27 1s mounted on the
control circuit board 21 shown 1n FIG. 6. An inverter unit 2
1s a circuit obtained by connecting the switching devices 23a
shown 1n FIGS. 6 and 7 1n a bridge form. A remaining power
amount display unit 30 displays the remaining power
amount ol the battery pack 20. A temperature sensor 31
includes a temperature detecting device such as a thermistor
provided 1n the vicinity of the switching devices 23a of the
inverter unit 28, and detects the temperature of the switching
devices 23a. A detecting resistor 32 1s provided on the path
of a drive current for the brushless motor 9. The control unit
277 can detect the drive current (load current), 1.¢. a load, by
the terminal voltage of the detecting resistor 32. Incidentally,
the load 1s not limited to the current, and may be detected b
a voltage, or a duty ratio, or the combination of them. A
rotation sensor 34 1s, for example, a magnetic sensor such as
three Hall devices. The control unit 27 detects the rotation
speed of the brushless motor 9 by an output signal of the
rotation sensor 34. When the main trigger switch 18 1s turned
on, the control umt 27 applies a PWM signal to each
switching device 23q of the inverter unit 28 according to a
mode (for example, any one of the normal mode and the
economy mode) set by the mode change switch 16, thereby
controlling driving of the brushless motor 9. In the normal
mode, the control unit 27 controls the duty ratio of the PWM
signal to be applied to each switching device 23a such that
the duty ratio becomes 100%, and 1n the economy mode, the
control unit 27 controls the duty ratio such that the circular
saw blade 8 rotates at a predetermined rotation speed (for
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example, 3,000 rpm). In a case of driving the brushless
motor 9, in every mode, the control unit 27 performs soft
start control for gradually increasing the duty ratio such that
in the normal mode, the duty ratio becomes 100% when
about 0.6 seconds elapses, and 1n the economy mode, 1n an
no-load state, the circular saw blade 8 rotates at the prede-
termined rotation speed when about 0.4 seconds elapses.

FIG. 9 1s a characteristic diagram showing the rotating
speed and efliciency of the circular saw blade 8 with respect
to load current when the cordless circular saw of the
embodiment 1s 1n the normal mode and 1n the first economy
mode. In the normal mode (an example of a high-speed
mode), the duty ratio 1s always at the maximum (for
example, 100%), and as the load current increases from a
no-load state, the rotation speed of the circular saw blade 8
decreases. A first economy mode (an example of a low-speed
mode) 1s different from the normal mode in that when the
load current 1s equal to or less than a predetermined value
(about 35 A in the example of FIG. 9), control (constant-
speed control) 1s performed on the rotation speed such that
the rotation speed becomes constant (3,000 rpm in the
example of FIG. 9), but 1s the same as the normal mode 1n
control when the load current exceeds the predetermined
value. That 1s, 1n the first economy mode, 11 the load
increases, the duty ratio increases, and 11 the load exceeds
the predetermined value, the duty ratio becomes the maxi-
mum (for example, 100%). Theretfore, when a load exceed-
ing the predetermined value i1s applied, even in the first
economy mode, the same control as that in the normal mode
1s performed. Incidentally, there may be multiple economy
modes diflerent 1n the rotation speed during constant-speed
control. For example, 1t may be possible to select an
economy mode (an example of a low-speed mode) in which
the rotation speed during constant-speed control 1s 1n a range
from 2,500 rpm to 3,500 rpm, and an economy mode (an
example of a high-speed mode) 1n which the rotation speed
during constant-speed control 1s 1n a range from 4,500 rpm
to 35,500 rpm.

As shown 1 FIG. 9, when the load current 1s equal to or
less than a predetermined value (about 17 A 1n the example
of FIG. 9), the efliciency (the ratio of output with respect to
input power) of the first economy mode 1s higher than that
of the normal mode. Meanwhile, when the load current
exceeds the predetermined value, 1n a range up to a load
current value (about 35 A 1n the example of FIG. 9) at which
the duty ratio becomes the maximum (as same 1n the normal
mode), the efliciency of the normal mode 1s higher than that
of the first economy mode. That 1s, at a certain load current
value, the etliciency of the normal mode and the efliciency
of the first economy mode are reversed. Therefore, for
cilicient use of iput power, there 1s room for improvement
on the first economy mode.

FIG. 10 1s a characteristic diagram showing the rotating
speed and efliciency of the circular saw blade 8 with respect
to load current when the cordless circular saw of the
embodiment 1s 1 a second economy mode. FIG. 10 shows
the characteristics of the normal mode and the first economy
mode shown 1n FIG. 9, together with the characteristic of a
second economy mode (shown by a thick line). FIG. 11 1s an
explanatory view showing duty ratio control according to
variation 1n load current when the cordless circular saw of
the embodiment 1s 1n the second economy mode. In FIG. 11,
change 1n duty ratio in the first economy mode 1s shown by
a broken line.

As shown 1 FIG. 10, 1n the second economy mode (an
example of a low-speed mode), when the load current is
equal to or less than the predetermined value (for example,
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about 17 A) at which the efliciency of the normal mode and
the efliciency of the first economy mode are reversed, the
constant-speed control same as that in the first economy
mode 1s performed; however, 1f the load current exceeds the
predetermined value, control for increasing the rotation
speed 1s performed. Specifically, in the second economy
mode, 11 the load current exceeds 17 A, the duty ratio
gradually increases to 100% regardless of (independent
from) the rotation speed, and thereafter, the duty ratio 1s
maintained at 100%. This control increases the rotation
speed of the circular saw blade 8 from 3,000 rpm during
constant-speed control to about 3,800 rpm (in FIG. 10,
transition from an operation point “A” to an operation point
“B” 1s performed). The operation poimnt “B” 1s on the
characteristic curve of the normal mode. After the load
current exceeds 17 A and the duty ratio becomes 100%, the
clliciency of the second economy mode becomes the same
as that of the normal mode. Therefore, 1n the second
economy mode, 1n a range from 17 A to 35 A, it 1s possible
to more efliciently use mput power as compared to the first
economy mode. In the second economy mode, after the load
current exceeds 17 A and the duty ratio becomes 100% (after
transition to the operation point “B”), the same control as
that 1n the normal mode 1s performed until the load current
becomes less than 14 A. If the load current becomes less than
14 A, the duty ratio gradually decreases such that the
rotation speed of the circular saw blade 8 decreases to 3,000
rpm, and then the same constant-speed control as that in the
first economy mode 1s performed.

FIG. 12 1s a flow chart showing a control flow when the
cordless circular saw of the embodiment 1s in the second
cconomy mode. I the user turns on the main trigger switch
18, the control tlow starts. If the main trigger switch 18 1s
turned on, 1 Step S1, the control unit 27 starts the brushless
motor 9 1 a soft start manner. Time change in the rotation
speed of the circular saw blade 8 and time change 1n the
supply current (load current) for the brushless motor 9
during sofit start are as shown in FIG. 13, and this current
supply causes the rotation speed of the circular saw blade 8
to smoothly increase. It the rotation speed of the circular saw
blade 8 becomes 3,000 rpm, 1n Step S2, the control unit 27
performs constant-speed control at this rotation speed. Spe-
cifically, while monitoring the rotation speed of the brush-
less motor 9 by a signal from the rotation sensor 34, the
control unit 27 controls the duty ratio of the PWM signal to
be applied to the switching devices 23a such that the rotation
speed of the circular saw blade 8 1s constant at 3,000 rpm.
The same constant-speed control as that 1n the first economy
mode continues until the load current exceeds 17 A (*NO”
in Step S3). I the load current exceeds 17 A during the
constant-speed control being performed (“YES™ 1n Step S3),
in Step S4, the control umt 27 smoothly increases the duty
ratio to 100%, regardless of (independent from) the rotation
speed of the brushless motor 9. If the duty ratio becomes
100%, 1n Step S5, the control unit 27 drives the brushless
motor 9 with the duty ratio of 100%. The same control with
the duty ratio of 100% as that 1n the normal mode continues
until the load current becomes less than 14 A (“NO” 1n Step
S6). If the load current becomes less than 14 A (“YES” 1n
Step S6), 1n Step S7, while monitoring the rotation speed of
the brushless motor 9 by the signal from the rotation sensor
34, the control unit 27 smoothly decreases the duty ratio
until the rotation speed of the circular saw blade 8 becomes
3,000 rpm. Then, the control tlow returns to the constant-
speed control of Step S2.

According to the above-described embodiment, 1t 1s pos-
sible to achieve the following eflects.
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(1) In the first economy mode, 1n a load range from 0 to
the predetermined value, the duty ratio 1s suppressed and the
constant-speed control 1s performed. Therefore, 1t 1s possible
to reduce the rotation speed during no-load as compared to
the normal mode. As a result, it 1s possible to reduce 5
vibration and noise, and to prevent power consumption from
unnecessarily 1ncreasing. Since power consumption 1S
reduced, the work amount per one charging increases, and
thus it 1s convenient. Meanwhile, when the load 1s equal to
or larger than the predetermined value, the duty ratio 10
becomes the maximum like 1n the normal mode. Therefore,
work efliciency 1s improved.

(2) In the second economy mode, 1n a load range 1n which
the efliciency of the normal mode 1s higher than the first
economy mode, the constant-speed control 1s not performed 15
and the same control as that in the normal mode 1s per-
formed. Therefore, 1t 1s possible to more eflectively use
input power as compared to the first economy mode.

(3) In the second economy mode, when the duty ratio 1s
increased from the constant-speed control, regardless of the 20
rotation speed, and when the duty ratio 1s decreased from
100% for the purpose of the constant current control, the
duty ratio 1s gradually changed (the rotation speed of the
circular saw blade 8 1s smoothly changed). Therefore, the
cordless circular saw has low back action and 1s easy to use. 25
Also, 1n every mode, during starting of the brushless motor
9, soft start control 1s performed. Therefore, even during
start, the cordless circular saw has low back action and 1s
easy 1o use.

(4) In the second economy mode, the load value (for 30
example, 14 A) 1n the case of decreasing the duty ratio from
100% for the purpose of the constant-speed control 1s set to
be smaller than the load value 1n the case of increasing the
duty ratio regardless of the rotation speed from the constant-
speed control. Therefore, 1t 1s possible to prevent control 35
switching from being frequently performed, such that the
cordless circular saw becomes stable.

Although the invention has been described by reference to
the embodiment, 1t can be understood by those skilled 1n the
art to which the mvention pertains that a variety of modi- 40
fications can be applied to the components and processes of
the embodiment without departing from the scope of claims.

FIG. 14 1s a characteristic diagram showing the relation
between rotation speed and load current 1n each mode 1n an
embodiment in which not only duty ratio control but also 45
advance-angle control are performed. In a first mode, 1n a
load current range from O to a predetermined value, the
brushless motor 9 1s controlled, for example, with the duty
ratio of 100% and an advance angle of 90 degrees, and if the
load current exceeds the predetermined value, the brushless 50
motor 9 1s controlled, for example, with the duty ratio of
100% and an advance angle of 15 degrees. In the first mode,

a load current value for changing the advance angle from 15
degrees to 90 degrees 1s set to be smaller than a load current
value for changing the advance angle from 90 degrees to 15 55
degrees, whereby frequent switching 1s prevented. In the
first mode shown 1n FIG. 14, during a low load, a large
advance angle 1s taken. Therefore, 1t 1s possible to increase
the rotation speed during no-load, and 1n a case of raising its
profile with high-speed rotation during no-load, 1t 1s effec- 60
tive. In a second mode, 1n a low load range including
no-load, constant-speed control based on duty ratio control
with an advance angle of 45 degrees 1s performed, and if the
load current exceeds a load current value at which the duty
ratio becomes 100% by the constant-speed control, the 65
brushless motor 9 1s controlled, for example, with the duty
ratio of 100% and the advance angle of 45 degrees until the

10

load current becomes a predetermined value, and 11 the load
current exceeds the predetermined value, the brushless
motor 9 1s controlled, for example, with the duty ratio of
100% and the advance angle of 15 degrees. In the second
mode, the load current value for changing the advance angle
from 15 degrees to 45 degrees 1s set to be smaller than the
load current value for changing the advance angle from the
45 degrees to 15 degrees, whereby frequent switching is
prevented. In a third mode, the advance angle 1s fixed at 15
degrees, and in the low load range including no-load,
constant-speed control based on duty ratio control 1s per-
formed, and 11 the load current exceeds a value at which the
duty ratio becomes 100% by the constant-speed control, the
brushless motor 9 1s controlled with the duty ratio of 100%.

Since the advance-angle control 1s added as described above,

it 1s possible to set various modes.

FIG. 15 15 a side view showing a cordless circular saw
according to an embodiment having a mode change switch
16 provided 1n the vicinity of the main trigger switch 18 of
the handle portion 4. According to the configuration of FIG.
15, since it 1s possible to operate both of the main trigger
switch 18 and the mode change switch 16 with a hand
grasping the handle portion 4, the cordless circular saw 1s
casy to use. Specifically, in a case of holding the handle
portion 4 with a right hand, 1t 1s possible to operate the mode
change switch 16 with the thumb of the nght hand, and 1n
a case of holding the handle portion 4 with a left hand, 1t 1s
possible to operate the mode change switch 16 with the
index finger or middle finger of the left hand. Therefore, 1t
1s possible to easily perform mode switching in the middle
of work, and operability 1s excellent.

The electric power tool 1s not limited to the cordless
circular saw as explained above embodiment, and may be
any other electric power tool such as a grinder or an electric
planer. FIG. 16 1s a perspective view showing a grinder
according to another embodiment. When a main trigger
switch 18 1s turned on, whereby a grind stone 8a 1s rotated
by a motor, the grinder performs polishing or grinding. FIG.
17 1s a perspective view showing an electric planer accord-
ing to another embodiment. When a main trigger switch 18
1s turned on, whereby a cutter block 1s rotated by a motor, the
clectric planer planes the surface of a workpiece. Not only
in the case of the grinder shown 1n FIG. 16 but also 1n the
case of the electric planer shown i FIG. 17, a functional
block diagram 1s the same as FIG. 8, and a control flow chart
1s the same as FIG. 10, and 1n a case where a predetermined
condition 1s satisiied, even 1f the main trigger switch 18 1s
on, 1t 1s possible to perform switching between operation
modes by pushing the mode change switch 16. Also, since
the mode change switch 16 1s provided 1n the vicinity of the
main trigger switch 18 of the handle portion 4, it 1s possible
to operate both of the main trigger switch 18 and the mode
change switch 16 with a hand holding the handle portion 4.
Also, the present invention may be preferable for an electric
power tools such as a grinder or an electric planer which
performs rotation control on a brushless motor 9 regardless
ol the operation amount (pulling amount) of the main trigger
switch 18.

In the above-described embodiment, 1t 1s possible to
select the normal mode in which the duty ratio 1s always
100%, and an economy mode (the first or second economy
mode) 1n which constant-speed control 1s performed such
that the duty ratio becomes 100% 1n a high load state.
According to this configuration, as described above, 1t 1s not
necessarily to perform switching from the economy mode to
the normal mode according to the load state. Theretfore, there
are eflects that 1t 1s unnecessary to frequently perform mode
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switching during work, and operability 1s excellent. How-
ever, 1t may be possible to select the normal mode 1n which
the duty ratio 1s always 100%, and for example, an economy
mode (third mode) in which the duty ratio 1s always 80%.
Also, the duty ratio i the normal mode (and the maximum
value of the duty ratio 1n each mode) may be, for example,
95% less than 100%. Also, only the second economy mode
described in the embodiment may exist as an operation
mode. The brushless motor 9 may be driven 1n a sensorless
manner 1n which any rotation sensor (position sensor) 1s not
used. In this case, the rotation speed may be detected without
using a rotation sensor. In the embodiment, as a driving
source, the brushless motor 1s used. However, a motor with
a brush may be used as a driving source. Parameters such as
the duty ratio, the rotation speed, and the load current values
are not limited to the specific values exemplified in the
embodiment, and can be arbitrarily set.

This application claims priority from Japanese Patent
Application No. 2013-169596 filed on Aug. 19, 2013, the
entire contents of which are incorporated herein by refer-
ence.

The 1nvention claimed 1s:

1. An electric power tool comprising:

a brushless motor;

a controller configured to control power supply to the
brushless motor, the controller including a detector
configured to detect a load on the brushless motor;

a rotary tool configured to be rotated by the brushless
motor;

a rotation speed detecting unit configured to detect a
rotation speed of the brushless motor; and

a main switch configured for switching between driving
and stopping of the brushless motor

wherein the controller 1s configured to perform the rota-
tion control of the brushless motor 1n any one of the
multiple modes including at least a high-speed mode
and a low-speed mode,

wherein 1n the low-speed mode, the controller 1s config-
ured to control the brushless motor to rotate at a
constant rotation speed by duty ratio control,

wherein 1n the high-speed mode, the controller 1s config-
ured to control the brushless motor to rotate at a
constant duty ratio,

wherein 1n the low-speed mode, when the load detected 1s
equal to or larger than a first predetermined value, the
controller 1s configured to perform switching of the
low-speed mode to the high-speed mode and increasing
the rotation speed of the motor.

2. The electric power tool according to claim 1, further

comprising;

a battery pack which 1s removably attached and 1s con-
figured to supply electric power to the brushless motor
and the controller.

3. The electric power tool according to claim 1,

wherein detection of the load equal to or larger than the
first predetermined value 1s performed based on pre-
determined one or combination of a current, a voltage,
and a duty ratio.

4. The electric power tool according to claim 1,

wherein the predetermined duty ratio control includes
control for gradually increasing a duty ratio to a pre-
determined duty ratio and then driving the brushless
motor with the predetermined duty ratio.

5. The electric power tool according to claim 1,

wherein when a load equal to or smaller than a second
predetermined value which 1s smaller than the first
predetermined value for switching to the predetermined
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duty ratio control 1s detected 1n a state where the
predetermined duty ratio control 1s performed, the
controller 1s configured to gradually decrease the duty
ratio and then control the brushless motor to rotate at a
predetermined first rotation speed.

6. The electric power tool according to claim 1,

wherein the rotary tool 1s connected to an output shait of
the brushless motor through a deceleration mechanism,
and

wherein 1n the low-speed mode, the controller 1s config-
ured to be able to control the brushless motor such that
a rotation speed of the rotary tool becomes constant 1n
a range from 2,500 rpm to 3,500 rpm.

7. The electric power tool according to claim 1,

wherein the controller 1s configured to perform soit start
control for gradually supplying a current at starting of
the brushless motor.

8. The electric power tool according to claim 1 further
comprising a mode switching unit configured to transmit, to
the controller, a mode switching signal for switching
between multiple modes of rotation control of the brushless
motor.

9. The electric power tool according to claim 1,

wherein the detector 1s a resistor for detecting a current of
the brushless motor.

10. An electric power tool comprising:

a brushless motor;

a controller configured to control power supply to the
brushless motor, the controller including a detector
configured to detect a load on the brushless motor;

a rotary tool configured to be rotated by the brushless
motor;

a rotation speed detecting unit configured to detect a
rotation speed of the brushless motor; and

a main switch configured for switching between driving
and stopping of the brushless motor,

wherein the controller 1s configured to perform rotation
control of the brushless motor in any one of multiple
modes 1including at least a constant-speed control mode
and a predetermined duty ratio control mode,

wherein 1n the constant-speed control mode, the controller
1s configured to control the brushless motor to rotate at
a constant rotation speed by a duty ratio smaller than
100%,

wherein 1n the predetermined duty ratio control mode, the
controller 1s configured to control the brushless motor
to rotate by the constant duty ratio,

wherein 1n the constant-speed control mode, when the
load detected 1s equal to or larger than a first predeter-
mined value, the controller 1s configured to perform
switching from the constant-speed control mode to the
predetermined duty ratio control mode, and

wherein at least 1n a part of load range 1n the predeter-
mined duty ratio control mode, the controller 1s con-
figured to be able to drive the brushless motor at a
speed exceeding the constant rotation speed.

11. The electric power tool according to claim 10,

wherein the load at which the constant-speed control 1s
switched to the predetermined duty ratio control 1s set
to such a threshold value that 1t the load exceeds the
threshold value, an efficiency of the predetermined duty
ratio control becomes higher than an ethiciency of the
constant-speed control, or 1s set to a value 1n the
vicinity of the threshold value.

12. The electric power tool according to claim 10,

wherein when a load equal to or smaller than a second
predetermined value 1s detected in a state where the
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predetermined duty ratio control 1s performed, the
controller 1s configured to gradually decrease the duty
ratio such that the rotation speed of the brushless motor
becomes a predetermined rotation speed, and then
perform the constant-speed control on the brushless s
motor at the predetermined rotation speed.

13. The electric power tool according to claim 12,

wherein the second predetermined value at which the duty
ratio 1s decreased from the predetermined duty ratio
control to the constant-speed control 1s smaller than the 10
first predetermined value at which the constant-speed
control 1s changed to the predetermined duty ratio
control.

14. The electric power tool according to claim 10,

wherein the detector 1s a resistor for detecting a current of 15
the brushless motor.
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